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Spvace Chayge Created by an Antenna in an Ioniced Medium
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The field in the neigbborheod of a radiating eleetric dipole antenna con-
taine a radial component of clectric field. The magnitude of this field varies
as 1/r (r = dictance from antenna exis} in the region close to the axis and not
teo eiose to the ends of the antemna. I the medium contains free electrons,
these will oscillate with 2 radial component of vibration, which will be non-

linesy hecavse of the variation of the digl electric i
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distance of the eleciron. The sffects of ihis non~linear motion on the resulting
distribution of ionization in the vieinidty of the antenna will be considered here.
The procedure that will te used is essentialily a perturbatiqp analysis,
since it will be assumed thut the electric field due o the r-f voltage applied
to the antenna still varies as 1/r. Consequently, the resulis obtained should
be considered s a first approximation to the actusl siate of affairs.
In order %é combine the analysis 0 the eszential effscts
the earthis magﬁetic field vwill be negiected.at first.
The radial component of eleatron motion then cbeys the differential eguation
ot = 2, = E%g cosgt
where ¥y is the radlal electric field at unit radisl distance and e iz the charge

of sn electron (negative). This equation may be rewritten as

" = % coswt (1)

The zero-corder solution of {1), obtained by replacing r on the right-hand-

side hy an average value Tos is
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Compariscn of (1) and {2) reveals that the acceleration and position of the
electron have opposite phases (which is obvious from physical considerations).
Thus the meximum repulsive force ocecurs at the nearest distance of the electron
from the antenna axis, and vice versa. Hence it follows from (1), because of
the 1/r factor on the right, that the average repulsive force is greater than
the average atbtractive force over an r-f c¢ycle. This residual repulsiocn per
cycle is

2w
= ek, j 99%«3 dt
[]

=3y

Tnoerting for r the value given in (2), we obtain

5 cRS L g (QWA 2 1
= e 2 g
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Thiz is equivalent o & static electric field
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For equilibrivm, thds static elecurlc field must he helanced by an opposite
Tield due to the combined effects of space charge in the medium and a possible

clirrge induced on the antherns,
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In the immediate viciniiy of the antenna, within = .listance ofRy from th
arface {By = antenna radiug), the electrons will strike the antemna. I we
agzume thet these ars ccliscted by the antenna, then thers will be crested o
positive jon sheath of thickness d = lm%/ﬁo. Outside this sheath there will be
an inhiomogeneous mixture of electrons and positive iong;, the electron dsnaily

aing somewhat grester thsn the positive ion density hecause of the outwszrd

o

foves ¥ oon the electryons. Ve now solve for the =laschyron digtribution, axd the
charge colleeted on she anlenna.
¥e assume a bhomogenecns distributicn of positive loon of density H; in the

nedivwn, and also that a charge (g per unit length collecis on the antenna. Ve

]

denote the eleetron density by ¥ (a funciiorn c¢f r) and the differeniial charge



The field due 1o the cievgs on the anterme wiil b
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n the mediwm then will be the sum of four componenis:

due %o the electron-positive ion wixture outside the
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The £i=2ld due tc¢ the zpace charge in the medivm, reopyesented by BN, is

4L e
By = o= =

fr&i\}dr
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field due to the positive ion sheath is
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For eguilibrium, the total electrostatic fleld in the wmadium magt be zern. Mon-

sequently,

in {3} by v, tldis gives us the relation

Beplacing e

: o

By difierentiation, this gives

N =

mefr®

pifi $1ds velur of N, we obtain from (7) with r = m,

““!0 = agne ;\‘ N
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Thie charge per wnit lengin usually will be negative in puc
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pared S0 the field due to the charge on the antenna.

From (&), the differential charge density decreases as the fourth rower of
the distance from the entenna axis, the charge in a narrow circular ring of
radius r decreasing as 1 /r{ Thus the inhomogeneity is confined to a small ye-
gion very close to the antenna. ON also is independent of the actual average
density N’_L , for a given value of Eo' However, for a given current in the antenns,

Eo depunds on the dlelectric constant of the medivm, which is a function of the
electron density. In fact; E. contains a factor of 1 /n, vhere n is the refreciive
index of the medium. For zn iordzed mediun
nf=1-X
vhere
Xs= wg/wz.
Since &) contains ES, 5N will contain a factor
1% = (1 - X))
for a coangtant antenna current.
In sumrsry, ke above analysis gives the foliowing results:
A& positive ion sheath is produced around the antenna, its thickness
being el E
mwzjﬁ’o

d = '!a'is,,/Ro =

The antennz collects a negative charge per unit length given by
%@ = meloEs = TEokod
e RS Ro

e elzcetron density excesds the ion density in the 1%

sheath by an amount
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